ried out biosynthesis of fatty hydroxamic acid in a biphasic lipid/aqueous medium from fatty acid or fatty acid methyl ester and hydroxylamine by using lipase-acyltransferase from Candida parapsilopsis as the catalyst. It was revealed that Candida parapsilosis, which acted more like an acyltransferase than a hydrolase, was the enzyme of choice for the direct bioconversion of oils in the aqueous medium. Fournand et al. 18 described the enzymatic synthesis of monohydroxamic acids with various chain lengths i.e. from C2 to C18 using three microbial enzymes. They investigated the effects of pH, temperature and mole ratio of the reactants on the reaction and obtained mild condition such as pH, 7 to 8 and temperature below 50 . In this investigation, we carried out the synthesis of PFHAs from PHA, canola oil, palm stearin oil and palm kernel oil, separately. This is the first report of the synthesis of these derivatives of fatty hydroxamic acids. The oils used in this synthesis comprised different composition of saturated and unsaturated natural fatty acids with 12 to 22 carbon atoms in the aliphatic chain. Hence, the obtained procedure is applicable to other vegetable oils. In addition, these oils also are available and often low cost which are among the advantages of this reaction. Moreover, the reaction was catalysed by the immobilised lipase catalysts, thus it include all the advantages of enzymatic reactions such as high selectivity, good saving in energy, mild conditions of
MATERIALS AND METHODS

Materials
Phenyl hydroxylamine PHA was prepared using the method described by Vogel 19 . Hexane, heptane, toluene, xylene, dichloromethane, diethylether, petroleum ether and absolute methanol were supplied by Systerm Co., Malaysia. Sodium hydroxide, zinc powder, sodium chloride, ammonium chloride, nitrobenzene were purchased from Aldrich, USA. Lipozyme TL IM and Lipozyme RM IM were obtained from Novo Nordisk, Denmark. Krystal brand of canola oil was supplied by FFM Berhad, Malaysia, whereas Ladan brand of canola oil was supplied by Sanaye Behshahr Co., Iran. Palm stearin and palm kernel oils, were supplied by Malaysian Palm Oil Board MPOB , Malaysia.
Synthesis of PFHAs
Phenyl hydroxylaminolysis was carried out by shaking the mixture of the reactants, which contained 1.50 g phenyl hydroxylamine dissolved in 20 mL of distilled water, 2.65 g oil canola oil, palm stearin oil or palm kernel oil dissolved in 30 mL petroleum ether and 200 mg of the immobilized enzyme Lipozyme TL IM or Lipozyme RM IM in a 250 mL flask sealed using Teflon film. The mixture was shaken at 120 rpm and 35 in a water bath shaker for 48 h. The product was separated from the reaction mixture as follow. First the enzyme was fi ltered. The fi ltrate was then transferred into a separation funnel for separation of aqueous phase from organic phase. The organic phase in the funnel was shaken with 30 mL distilled water for removal of glycerol residue, and then two times 30 mL HCl solution 2 M was used to remove the unreacted PHA. Petroleum ether was then removed by rotary evaporation to obtain mixture of PFHAs and unreacted oil. Finally PFHAs were extracted by using 50 mL absolute methanol from the unreacted oil and then recovered by rotary evaporation.
Characterization
The amount of PFHAs was estimated based on nitrogen content, determined by elemental analyzer model 932 LECO, USA . Perkin-Elmer 1650 Infrared Fourier Transform Spectrometer was used for recording FTIR spectra. 1 H nuclear magnetic resonance 1 H NMR spectra were recorded using the NMR Spectrophotometer Model 400 Joel Ltd., Tokyo, Japan .
RESULTS AND DISCUSSION
Scheme 1 shows the equation of phenyl hydroxylaminolysis. For reaction optimization, effects of different reaction parameters such as the organic solvent, the reaction period, the type and amount of enzyme, the mol ratio of reactants and the temperature were investigated. Also conversion percentage at every experiment was calculated as following. Conversion amount of experimental PFHAs 100 / amount of theoretical PFHAs .
Amount of experimental PFHAs obtained PFHAs at every experiment.
Amount of theoretical PFHAs assumed all of the fatty acids in the oil are converted to PFHAs. Table 1 shows the effect of different organic solvents on
Effect of organic solvent
Scheme 1
The reaction equation of phenylhydroxylaminolysis of triglycerides. Enzyme = Lipozyme. phenyl hydroxylaminolysis of the canola oil. The results show that non-polar aliphatic organic solvents are more suitable than the aromatic and polar organic solvents in this reaction. Thus, the non-polar aliphatic solvents are more suitable than other solvents in dissolving products PFHAs and oil as substrate. The results also reveal that petroleum ether gives the highest yield for phenyl hydroxylaminolysis of the canola oil.
Effect of reaction time
The effect of reaction periods on the percentage of conversion of the phenyl hydroxyaminolysis is shown in Fig. 1 . The results indicate that the reaction was rapid in the fi rst 24 h and continued at a reduced rate until it reached equilibrium at 72 h. This behavior depended on the nature of reaction. Initially, the reaction progressed rapidly, and then the reaction rate decreased due to the decrease of mass transfer into the active sites of the enzyme. A similar behavior was reported by Servat et al. 16 for oleyl hydroxamic acid synthesis 16 and by Suhendra et al. 20 for palm oil hydroxylaminolysis.
Effect of the type and amount of enzyme
In enzymatic reaction, a reaction takes place at the active sites of the enzyme. Figure 2 shows that the Lipozyme TL IM produced a higher yield of phenyl hydroxyaminolysis compared to Lipozyme RM IM. At low amount of the Lypozyme the yield was increased by increasing the enzyme due to the accretion of active sites. The highest conversion was achieved when the amount of Lipozyme TL IM was 280 mg for 3 mmol oil. Further increase of Lipozyme does not signifi cantly change the amount of yield. This could be due at high amount of the enzyme many of the active site remain in the bulk of the enzyme and cannot be excess by the substrates. A similarly behavior was reported by Suhendra et al. 20 for palm oil hydroxylaminolysis.
Effect of the mol ratio of PHA to oil
The most suitable mol ratio of reactants for obtaining maximum conversion depends on the reaction nature due to its equilibrium constant. Hence, in this study, different amounts of PHA were applied in the reaction mixtures while the amounts of oil and other conditions were kept constant. Figure 3 shows that when mol ratio of PHA to oil increases, the reaction yield increases and reaching a maximum point at 22 mmol of PHA for 3 mmol of oil. The result is a little bit higher compared to the amount of hydroxylamine needed for hydroxylaminolysis of palm oil 20 . Further increase in the amount of PHA decreases the yield. This phenomenon was similar to that reported by Vaysse et al. 17 and Suhendra et al. 20 .
Effect of temperature
Optimum temperature of enzymatic reaction depends on the enzyme thermostability. Since an enzyme is a biomole- cule, it is more stable at ambient temperature. Lipases usually lost or reduce their activity at temperature higher than 50 21, 22 . In this investigation, different temperatures were applied on the reaction. The results which are shown in Fig. 4 , indicates that with increasing in temperature the reaction yield increases until it reaches maximum at 39 . The yield was decreased at higher temperature. Similar results was reported by Suhendra et al. 20 for palm oil hydroxylaminolysis.
Phenyl hydroxylaminolysis of different oils
For this purpose, the optimum conditions obtained from previous experiments which are shown in Table 2 , were applied on phenyl hydroxylaminolysis of different commercial oils namely; Krystal and Ladan brands of canola oils and MPOB brand of palm stearin oil and palm kernel oil. Figure 5 shows Ladan brand of canola oil gave the highest yield of PFHAs compared to the other oils.
Characterization of PFHAs
Elemental analysis
Elemental analysis shows that the nitrogen content in the PFHAs synthesized from the canola oil was 3.83 . This indicates that there was 2.736 mmol of phenyl fatty hydroxamic acid groups in one gram of the product.
Fourier Transform Infrared Spectroscopy FTIR
FTIR spectra of PHA, canola oil and PFHAs are shown in Fig. 6 . In the PHA spectra the peaks at 3242 and 3139 cm correspond to C C stretching, the peak at 1301 cm 1 correspond to C N stretching and the peaks at 747 and 686 cm 1 correspond to mono substitution of aromatic ring 23, 24 . In the canola oil spectra the peaks at 2923 and 2857 cm 1 correspond to C H stretching for the long chain of alkyl, while the peaks at 1743, 1455 and 1155 cm 1 correspond to C O stretching, C C stretching and C O stretching, respectively 24 . In PFHAs spectra the peaks at 2800 to 3100 cm 1 correspond to O H stretching that is sharper compared to PHA due to formation of intermolecular hydrogen bonding, the peak at 3008 cm 1 corresponds to C H stretching and the peaks at 2924 and 2854 cm 1 correspond to C H stretching for the long chain of alkyl, the peaks at 1739 and 1708 cm 1 correspond to C O stretching that is split to two branches and shifted to upper frequencies due to Fermi resonance 24 . In addition the peaks at 1477 and 1437 cm 1 correspond to C C stretch- 
CONCLUSION
This paper is the fi rst report which describes the synthesis of PFHAs from PHA and canola oil, palm stearin oil and palm kernel oil, using lipozyme as the catalysts. Among the advantages of this synthesis is the use of easily available oils as well as the utilisation of enzymatic reaction for the purpose of good energy saving in order to achieve green chemistry. Also, the separation procedure for the isolation of PFHAs from the reaction mixtures applied in this investigation is new.
Elemental analysis, 1 H NMR and FTIR spectra showed that PFHAs were produced from the reaction of PHA and the oil. The optimum conditions of the reaction were: reaction time, 72 h; shaking rate, 120 rpm; PHA, 2. 
